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ABSTRACT

Dou@las Aircraft Compa_ Report Number SM-43610, Reliabilit_
Mathematical Model t Saturn S-IVB Sta6e , describes the relia-

bility philosophy and includes the reliability block diagrams,

failure effect analysis, and the mathematical model summary for
the Saturn S-IVB stage. This report is prepared for the National

Aeronautics and Space Administration under Contract Number
NAS 7-I01.
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INTRODUCTION TO THE RELIABILITY MATHEMATICAL MODEL FOR THE SATtRN S-IVB STAGE

General Reltabilit_ Philosophy

A chain is no stronger than its weakest link.

no more reliable than its weakest component.

Llkevtse_ an equlp=ent is

This is expressed by the

product law of reliability which states that in a series system, the

resulting total reliability is the product of the reliabtlttles of the

individual elements in that system. Hence, the total reliability in such

a system can never be greater than that component which has the lowest

reliability and will usually be much less.

Saturn S-IVB Sta_e Reliabil_ty Philosopy

Of prime importance here is the design philosophy that no single failure

in a subsystem should abort the flight. Since strict adherence to this

policy is not practical within the confines of a time and budget limited

Program, it is important to minimize stage loss probability. The above

dictates an analysis which is based on component reliabilities and

single failure effect analysis.* As noted in the failure effect analysis,

the occurrence of a p_rticular type or mode of failure does not always result

in a loss of the system, and consequently, not all of the component unrelia-

bility contributes to a stage loss probability. Accordingly, these signifi-

cant portions of the unreliabilities must be taken into account in the

statistical analysis for prediction of the probability of NO STAGE LOSS.

The expression thus derived will generally show a higher probability of

NO STAGE LOSS than the simple product of the individual component reliabilities.

This analytic approach - The Probability of NO STAGE LOSS, Based on Component

Reliability - is shown in Figure i.

* Multiple FEA will be included in the Math Model when the Engineering

Drawing Completion (EDC) is available.



m

lu
I[

O_
z_

,,,(
I,,,

i

_ z_-=[o

- =_o_'._
O_¢[zW'L lU

OZ_

=;zz
O-- 0



PURPOSE OF THE RELIABILITY MAGICAL MODEL

A reliability mathematical model presents, in block diagram form, the reliabill_

concept of the system functions and shows the reliability arrangement of

components in a system. Its purpose is to provide early prediction ana_Tsls,

to determine whether initial allocations can be met, and to point out weak links

in the system. The mathematlcal _odel is revised periodical_7 to reflect design

changes and information feedback.

It is imperative that a well integrated reliability program be agressively

pursued early in the design of a system to assure, with high confidence, that an

acceptable "inherent reliability" is designed into the equil_aent. The mathe-

matical model is a most useful reliability tool for this purpose, which among

other uses allows the apportionment of the overall system reliability requirement

contractually applicable down to the component or I_ level. This apportionment

is the reliability allocation, and should not be confused with the reliability

prediction. It is based primari_7 on physical and functional complexity of the

equipment, state-of-the-art or degree of development, and operating time con-

siderations. These reliability allocations, together with the component failure

effect analysis, serve to indicate potential reliability Problems of components

in which the state-of-the-art is new, and of components whose known failure

probabilities are higher than the allocated unreliability.

Reliability predictions are estimates of inherent reliability. Predictions are

based, when d_ta are available, on component and part failure rates, or in the

absence of data, on such factors as complexity, environment, and the newness

of the design. The initial reliability prediction is theoretical. Subsequent

predictions at various stages in the development and production cycles, together

with evaluation of associated test data, enables a more factual verification of

the prediction. The purpose of reliability predictions is to indicate design



weaknesses so that corrections may be made before the design is fixed. Pre-

dictions also determine the feasibility of attaining the requirement, using

present state-of-the-art equipment.

Generally, the allocated reliability requirements proceed downward from the

top of the mathematical model through the complete systems, subsystems, modules,

components, and parts. Predictions proceed upward from the bottom. Next, a

comparison of the reliability allocations and predictions is made. This analysis

will indicate the direction of the reliability effort that will contribute most

economically in meeting the reliability requirements or objectives.

Not___e:If predictions fall short of the allocated requirements and no trade-off

reliability is available, redesign, improvement of the state-of-the-art, re-

dundancy, etc., must be accomplished to improve reliability and eliminate the

"weak-link."

CODING SYST_

The coding system used im this mathematical model provides a means for direct

reference of all reliability significant items to the model. This reference

system may be used for test plans as well as for failure reporting. Further,

identical items in different al_plications are referenced to the specific fUnction,

and statistical data or analyses can be proper]_v identified by this coding

system.

The mathematical model code or number consists of utilizing the letter "V" to

denote the vehicle components and "G" to denote the ground components. After

these letters, numbers are used to denote stages, systems, subsystems and components

An example of such numbers is "V-IV-B-_2-OI", which designates the first com-

ponent (01) of the second subsystem of the fourth system (42) of the S-IVB stage

or "the S-IVB stage fuel fill."

4



If new items are added to the mathematical model or existing items removed,

new ntmbers are asslgaed to the additions and existing numbers discontinued

for deleted items.

RELIABILITY FAILURE EFFECT ANALYSIS

A reliability failure effect analysis is a study of a system or subsystem

from the standpoint that any single component may fail inopportunely. The fail-

ure effect analysis considers what happens after such an event occurs. The

results of thls analysis serve to direct design attention and test efforts in

the eraly design and development stages of a program.

A failure effect analysis is prepared by utilizing system or subsystem

functional schematics, logic diagrams, component and pert drawings and

specifications, failure data, test results, and other pertinent information.

As a rule, the reliability block dlagrams are prepared in advance of the de-

tailed failure effects analysis. Figure 2, The S-IVB Stage Reliability Block

Diagram Location Scheme, is used as a general guide for the preliminary relia-

bility block diagrams and Figure 3 is used for the detail failure effects

analysis. The failure effect analysis often requires necessary changes in the

block diagram, which may not have been apparent earlier. The block diagram is

intended to present a picture of th¢ subsystem which wlll show operational/

functional dependency for failure effect analysis, and series independency for

system components whose failure probabilities are statistically independent.

Obviously, it is difficult to satisfy both requirements all the time, therefore,

there are exceptions to the general rules.

The Saturn S-IVB stage reliability failure effect analysis indicates the effect

of component failure on subsystem performance. It also points out the effect

on the S-IVB stage and the Saturn IB and Saturn V vehicle should failure occur

during the countdown/checkout, the automatic countdown sequence, the boost phase,
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both powered phases, and both coast phases of S-IVB sta_e flight. For analytic

purposes, the effects of a component failure on the subsystem, the stage, and

the vehicle are classified as follows:

Effect of Failure Probability

(Certain) loss of 100%

Probable loss of 50_

Possible loss of 10%

None O_

of Loss

Since failure of a component may or may not cause loss of the subsystem per-

formance, the probability of loss can be determined from analysis of the

function of the component in the subsystem, failure data, test results and

past experience. Effect of a component failure on the performance of a sub-

system is dependent on the time and type of failure, the degree of severity

of the failure, and the amount of redundancy in the subsystem.

ADDITIONAL SATUR_ FAIIDRE EFFECT CONSIDERATIONS

The caus____eof a given failure type, or mode, is not emphasized in analyzing the

effect of the failure. For example, the effect of a solenoid valve's failure

to operate when required (failure to open or close as required) is considered

and analyzed without any attempt to pinpoint whether the failure was caused

by lack of command, defective solenoid wiring, Jammed valve-stem, etc. Thus there

can be multiple causes for the applicable failure type or mode appearin 6 in the

failure effect analysis.

Many of these causes of component failure are well known to the designer and

the test engineer. During the R&D program every effort is taken to eliminate

the critical component failure types by "designing out" the potential causes

of failure. Since the "debugging" cannot be carried on forever, especially in a
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time and budget llmited program, the _aJor effort is consumed on the obvious,

better understood and more likely causes of failure. Obviously, the maximum gain

_wards mission success is realized when the component or system unreliability

that contributes to stage loss is identified and the cause of failure el_ninsted.

For the convenience of the reader, the following is a partial list of some of

the less often discussed causes of failure for failure effect considerations.

i) Corona discharge, or arcing over, may occur in pressurized electrical "black

boxes" due to seal failure.

2) Rapid decomposition of teflon at high temperatures produces flourine gas

which is an oxidizing agent and which may support visible flame.

3) Energy of the radar beam may be sufficient to initiate igniters at a

considerable distance, due to the antenn_ effect of the connecting wires.

4) A component may fail to operate in flight, due to heater blanket failure

on the c_nponent during countdown.

5) Low pneumatic pressure at the component, due to upstream leakage, may cause

slow or no actuation.

6) Structural failure of internal parts in a "black box" may occur due to

vibration amplification through the attaching brackets in the flight vehicle.

7) Vibration, shock, and temperature may cause premature operation of spring-

loaded valves.

8) A pressure switch may not actuate due to a frozen or plugged pressure sensing

line (not a failure of the switch).

9



9)

lO)

2)

13)

15)

16)

z?)

Zero "g" may cause undesireable effects on components that contain liquids;

for instance, battery fluid will be "floating" at stage separation or during

orbital coast phase.

An open circuit may occur, due to a broken safety-wire on electrical

connectors, in prestressed connections.

Solid propellant rocket motor ignition may occur after stage destruct, due

to heat, which would cause the motor to become a projectile.

The engine chilldown valves and plumbing may cause "venturi" principle

freezing due to flow restrictions; which could result in solid oxygen or

hydrogen.

Delayed valve actuation may occur, due to sticking or binding parts, at low

or high temperatures.

Check valves in the cold gas system may freeze shut due to moisture condensa-

tion and subsequent freezing (failure to open).

Outgasing of plastic materials may produce a troublesome chemical atmosphere

due to sublimation and evaporation of materials in high vacuum.

Ionized gnses may cause disruption of communications by reflecting radio

waves.

In sealed units that are not vacuum-tight, more volatile materials may

evaporate from hotter parts and condense on colder ones as thin films.

18) Relay and switch contact chatter or bounce may occur due to vibration.

I0



19) Explosive decompression may occur in hermetically sealed units in high

vacuum due to seal failure or leakage.

20) Vibration in high w_cu_ may be more severe due to absence of air damping.

21) Rigid lines ,my pull loose due to structural flexing.

22) Flexible lines routed unpressurized may break loose when assuming

pressurized position (mock-up under pressure).

An aualysis of the above conditions of failure reveals that most of them are the

result of human error or embryonic design. The probability of these failures is

unpredictable; however, the causes are eliminated during an extensive P_kD program.

FROBABILITY OF NO STAGE LOSS BASED ON COMPONENT RELIABILITY

If one considers the many possible failures of components that may degrade

a mission, yet will not cause a complete stage or vehicle loss, one then

has the basis for a new and more sophisticated use of reliability analysis.

The engineer, now, may look not simply for complete success but is prelmred

as well to evaluate the possibilities of avoiding complete system failure.

Space technology has advanced to the point that abridged or degraded, as opposed

to aborted, missions are possible. The mathematics have accordingly been deve-

loped to cope with this situation. There is a means of Judging not only how

likely an item is to perform successfully - i.e., its reliability, but also to

Judge how likely it is not to cause a complete s_stem loss, i.e., render the

stage or vehicle useless. When component failures are unavoidable, one would

always prefer the abridged or degraded mission as opposed to an aborted mission.

From this standpoint then, one is led to think in terms of no stage loss probability

rather than in terms of stage success probability.

11



The derivation of the expression for the probability of no stage loss consistent

with the statements made in the failure effect analysis for each of the S-IVB

stage subsystems, is very important. Since the failure effect analysis considers

primarily the effect or effects of single independent failures, no statement in

general can be made with respect to the effect of multiple independent failures

except those specifically considered. To keep the probability predictions on the

conservative side, an ausumption is made throughout the analysis; the effect

of all independent multiple failures is a stage loss, unless otherwise indicated.

On this basis, the probability of no stage loss for N components in series is

expressed as:

N
P=R+_ R

j:l_O (1-rj)

where

P = The probability of no stage loss.

rj = The inherent reliability of the J-th component

N

R = H r. = The inherent reliability of N components in series.
j:l J
N_.

Oj = _ (ljk (1-_jk) , where
k:l

Nj = A number of mutually exclusive failure types or modes associated with the

unreliability of the J-th component.

_'s and _'s are as defined in Figure 4.

Qj (l-r j) = The portion of the JPth component unreliability not contributing

to stage loss.

The above expression is derived by expanding:

N

H [rj+ Qj (1-rj)]
j:l

and eliminating all terms involving the product of at least two unrellabilities.

The expressions for other than series configurations are derived on a similar

basis.

12
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RELIABILITY MATHEMATICAL MODEL SUMMARY - PHASE 1 & PHASE 2

The customary concept of reliability is that of making each individual

component as reliable as possible. Then, these individual reliabilities are

multiplied together to obtain the overall system reliability.

In today's complex systems, such as the Saturn, this traditional reliability

concept is not acceptable. Because of time and budget restrictions, and the

eventual requirement to provide a "man rated" space vehicle, the Douglas

Engineering Reliability Section has developed a new analytical approach; it

is called "criticality ranking."

One cannot provide for every conceivable failure but one can provide for

some. This necessitates the shift of design attention from simple reliability

of a part to its criticality, i.e., to the degree of importance that it be

highly reliable. The degree of importance is evaluated relative to the probability

that the component failure will lead to stage loss. For example, a failure whose

frequency of occurrence is determined to be high and whose effect on the stage

is found to be critical would demand and receive immediate attention.

Conversely, a failure of minor or insignificant consequence, which is seldom

encountered, would be allocated a proportionately lower engineering priority

or criticality number. If pursued, this approach will insure that the design

and test effort is concentrated in areas where it is most needed. At the

same time, it makes the most practical and economical use of technical manpower.

In Judging the criticality of a component, it is clear that there are

several factors to take into account:

I. The possible types or modes of failure for the component.

2. The frequency with which the component fails in each of the applicable

failure types or modes.

q
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3. The probability of component failure.

. The stage loss frequency when the particular type or mode of

failure occurs.

Specifical_7, the criticality number is the portion of the inherent component

unreliability assignable to all of the applicable failure types or modes of

a component which contribute to stage loss, multiplied by 106. The reliability

mathematical model sun_ - figure 4 - outlines and defines the inputs required

to determine the component criticality. This summary consists of two phases of

effort. The first phase summarizes the reliability failure effect analysis, and

the second phase selects the critical items and determines their degree of

criticality.

APPLICATION OF THE RELIABILITY MATHI_ATICAL MODEL RESULTS

Results of the failure effect aDalysis, the criticality of components and other

mathematical model disclosures have many direct use applications. These results

can be used by management to assign priorities or direct such activities as:

I. Design

2. Testing

3. Checkout

4. Procurement

5. Quality Control

6. Documentation

7. Supplier Surveillance

8. Human Engineering

9. Corrective Action

i0. Emergency Detection

15
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These items represent only a partial list of the activities that go into the

overall effort to "man rate" a space vehicle. It becomes apparent then, that

the reliability mathematical model is an essential tool for this purpose.

RELIABILI_ ANALYSIS FOR EMERGENCY DETECTION

The present S-I_ stage reliability mathematical model and failure effect

analysis approach can be applied to the design of an emergency detection

and abort system that would provide maximum crew safety for a manned space

vehicle of certain reliability. Since "man rating" may be defined as; the

achievement of an acceptable level of crew survival probability for a specific

mission; this analysis can be used to determine this probability for any mission

and for any vehicle configuration.

Crew survival, in the event of a catastrophic or critical condition, (Marshall

Space Flight Center definition) depends on the emergency sensing and abort

capability of the vehicle. Since this analysis is only concerned with a single

stage of the vehicle, it is important to categorize all S-IVB stage component

failure results as catastrophic or non-catastrophic and provide failure reaction

time for the overall emergency detection system effort. Figure 5 provides the

DAC Reliability definition of the concept. Because the current analysis is

concerned with a vehicle without an abort capability, all non-catastrophic results,

such as thrust loss due to a component failure, are termed "Loss of Mission";

likewise, all catastrophic results, such as an explosion, are termed "Loss of

Vehicle." The latter would be termed a "Loss of Mission" in the event of a

catastrophic loss if the vehicle had an emergency sensing and abort capability

and the capsule had sufficient time to abort to a safe zone prior to vehicle

breakup or explosion.

15



FIGURE 5
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Speciflcally, to maximize crew survival probability through the use of

emergency detection in a vehicle with an abort capability, it is first

necessary to determine the minimum time associated with each system failure

mode which will enable successful abort. Next, it becomes necessary to predict

the mean failure reaction time and the standard deviation for each of the

failure types included on the criticality ranking list that contribute to the

particular system failure mode. These failure reaction times and the associated

probabilities will indicate the potential improvement of crew survival probability

obtainable when an emergency detection device is provided. Obviously, an abort

system capability must be assumed and its reliability taken into account in the

overall system or vehicle analysis.

Admittedly, the time interval required for the emergency sensors to sense a

particular failure and for the astronaut to make an intelligent decision is

variable in each emergency condition. Therefore, it is not possible at this

time to classify the results of the failure effect analysis, per _BFC definitions,

as catastrophic or critical.

Since it is possible to determine the various risk probabilities to which the

crew of a manned space vehicle may be exposed during a mission, it is also

possible to maximize crew survival probability. Within the confines of a time

and budget limited program it is possible to pick out those systems, subsTstems ,

components or functions which contribute most heavily toward the catastrophic

or non-catastrophic losses. A properly designed emergency detection system is

one that senses those failures which result in a catastrophic or non-catastrophic

loss and provides sufficient time for the safe abort of the crew.

Reliable point estimate predictions related to this analysis depend on the data

used, the amount of time available to reduce and apply the data when it is

collected, the integrity of the personnel performing the analysis and the manpower

available to do this analysis.

18



LEGEND

RD OBJECTIVE

RINHPREDICTION

PROBABILITY OF
NOSTAGE LOSS

OPERATING
TIME- SEC

SUBSYSTEM

NAME

CODE NUMBER

BLOCK DIAGRAM SYMBOL DEFINITIONS

RD Objective -

The allocated inherent reliability objective for design of subsystem based
on system reliabllity design objective.

RIN H Prediction -

The current, inherent reliability prediction of subsystem based on individual
component reliability predictions or estimates.

Probabilit_ of No Sta_e Loss -

The probability of no stage loss based on subsystem component reliability
and unreliability not contributing to stage loss.

Operating Time - Sec. -

The mission time or operating period associated with reliability or proba-
bility statement.

]9



COMPONENT RELIABILrIT

The following relationships and definitions of component reliability shall
be used for the sake of consistency:

 I=m - Rd x xs
Component Reliability - is the actual component reliability (the

probability that the component, as delivered and

used, will operate without failure for the time

and operating conditions specified).

Rd is the inherent reliability of the design (the
probability that the component, when made and used

exactly as intended, will operate without failure

for the time and operating conditions specified. )

R
m

is the reliability of the manufacturing process

(the probability of making the component exactly
as required by its design).

R
U

is the reliability of operational use (the

probability of using the component correctly as
intended when designed).

Component Failure - the inability of a component to perform its

function or functions satisfactorily when subjected

to an environment within its design limitations.

Rd Inherent Reliability of the Design

The inherent reliability is that maximum potential

reliability which is designed into the equipment.

It is considered the objective or design goal of a
completely mature design suitable for manufacture

and use, with no degradation due to manufacturing

fabrication and assembly. The reliability is measured

by the failure rate of the equipment when operated
under specified test conditions for sufficient time

to obtain a failure rate that is approximately con-

stant. Failures attributable to manufacturing
quality are not included in the assessment of inherent

reliability. The failure rate can be developed by

overstressing inmany cases rather than testing to

failure for a sufficient period in the expected

environment. Overstressing refers not only to the

magnitude of physlcal environments such as tempera-

ture or vibration bu_ also to out-of-tolerance inputs
and operating overlc_ds which are used to detect weak

designs and types or modes of failure.
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Usually there is an initially high failure rate

period during which marginal parts are elimimated.

Following this, there is an operating period during

which the equi1_nent exhibits a fairly constant

failure rate. A final period occurs where wearout

is encountered. The inherent reliability considers
the period of time (where the failure rate can be

assumed relatively constant) between the early fail-

ures of marginal parts and the wear-out failures.

Rm Reliability of the Manufacturin_ Process

Manufacturing Reliability is the probability of

the equipment being manufactured exactly like the
design by maintaining a tight control of manu-

facturing processes and quality assurance techniques.
It encompasses the establishment and continuous

evaluation of engineering processes and specifications

and the analysis of inspection results and

surveillance over quality control methods and sys-

tems. _Ifunctions and failures wherein manufacturln_

is found to be at fault will give a direct indi-

cation of the weak areas that degrade the Manufacturing

Reliability.

Ru Reliabilit_ of.Operational Use

Use Reliability is the probability that each of the

field maintenance and applicatiom factors (such as

maintenance and operating ability of the using group,
installation environment and deterioration in

shipping, handling, and storage) will affect the

performance of the equipment or system in the manner

planned.
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LIST OF DEFINITIONS

Attribute - A characteristic or property which is appraised only in terms of

whether it does or does not exist. Attributes, as generally considered in relia-

bility analysis, are time independent.

Catastrophic Loss - Any failure which results in an eventual explosion or

break-up of the vehicle, excluding the disintegration of the vehicle upon re-entry

into the atmosphere. (See also Figure 5)

Component - An item which is normally a combination of parts, or subassemblies,

and is a self-contained element of a complete operating system, performing a

function necessary to the operation of that system.

Confidence/Confidence Level - The proportion of time a satement should be

correct that the estimated parameter lies within the given confidence interval.

Criticality Number - The portion of inherent item unreliability assignable to all

of the indicated failure types or modes, of the item, which contribute to stage

loss, multiplied by 106 . (See also Figure 4)

Criticality Ranking - The ranking of items in decreasing order of the item

criticality numbers.

Degradation - A deterioration in performance.

Failure - A cessation of ability to perform a specified function, or functions,

within previously established limits on the area of interest. This requires

that measurable limits be established to define satisfactory performance

of the function.

22



D Failure An_sis - The act of determining the cause of a non-conformance or

unsatisfactory condition, using normal facilities and techniques.

Failure Mode - A description of the manner in which a failure occurs that

can be categorized. (See also Figure 3)

Failure Probability - The probability that an item will not operate as required

for a specified mission time and mission operating environment; the inherent

item unreliability for the mission intended. (See also Figure 4)

Failure Rate - A numerical value expressing the frequency of failure occurrence

over any specified time interval or cycles of operation.

Failure Reaction Time - The time elapsed from an item failure to loss of the

vehicle. This time generally varies as a function of flight time; however,

a minimum time can be specified. (See also Figure 5)

Failure Type - A physical description of the way in which an item can fail.

(See also Figure 3)

Failure T_2e-Mode Frequency - The fraction of item unreliability associated with

the indicated failure type or mode. (See also Figure 4)

Loss of Mission - The loss of the vehicle excluding the payload or capsule.

(See also Figure 5)

Loss of Stage - The loss of the ability of the stage to perform its primary function

any failure which results in loss of the stage prior to stage mission completion.

Loss of Vehicle - The loss of the vehicle including the payload or capsule.

(See also Figure 5)
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Non-Catastrophic Loss - Amy failure which results in an eventual loss of the

vehicle and renders the vehicle useless, but does not cause an explosion or

break-up. A non-catastrophic S-IVB stage loss, in the majority of cases, is

due to a component failure which results in safe engine shut-dovn. (thrust loss)

(See also Figure 5)

Operational/Functional Dependency - A block diagram concept to indicate that the

operation or function of a particular component is dependent upon the reliable

operation of the associated components in the subsystem or inputs from other

subsystems with an assignable reliability. (See also Figure 2)

Probabilit_ - The likelihood of occurrence of a particular event expressed as a

value 0 P i, where 0 represents impossibility and 1 certainty.

Redundancy - The existence of more than one means of accomplishing a given task,

where all of these means must fail before there is an overall failure of the

system.

Reliability - The probability of an item performing its function for the time

required and under the environment specified.

Reliability Allocation - The technique of apportioning system unreliability into

its component umreliabilities.

Reliability Prediction - The technique of determining (estimating) the reliability

of a given design, or proposed redesign, before sufficient testing has occurred

to provide a statistical reliability measurement.

Series Independency - A block diagram concept to indicate the statistical

independence of the subsystem component failures. (see also Figure 2)
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Sta_e Loss Frequency - The conditional probability of stage loss associated with

the indicated failure type or mode. (See also Figure 4)

Subsystem - The functional portions of the stage or vehicle system which are

essential to operational completeness.
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PREFACE TO FAILURE EFFECT ANALYSIS OF

TANK VENT CONTROL - SUBS_ S-IVB-2?-O1

During operational phases A)3B),C),D),F), and G), venting of the hydrogen tank is

provided by a relief valve (V-IVB-eT-OI-A) set to approximately 33 psia and a

vent-relief valve (V-IVB-eT-OI-B) set to approximately 34 psia for backup.

Prior to lift-off (phases A and B), the venting system is connected to the GSE

plumbing for conveyance of vented propellant to a safe area - about 20 seconds
before lift-off, a directional control valve (V-IVB-27-01-E) is operated to

connect the venting system to the vehicle plumbing for discharge of propellant
gases through a propulsive vent.

During operational phase E) (first coast phase), the auto-ventlng sequencer is

activated and LH2 tank pressure is controlled by two pressure sensing switches
that provide signals to a sequencer. The sequencer operates solenoid typ_e

pneumatic valves which, in turn, control the pneumatic power that operates the
vent portion of the vent-relief valve.

During the auto-venting mode, the following functions are provided by m_ auto-

matic sequencer which is part of the vehicle electrical system:

a) Fire .OOl-g (150 lb) hypergolic ullage engine for 20 seconds to settle

liquid.

b) Turn off ullage engine and open vent valve to reduce tank pressure - the

propulsive venting will provide ullage for the r_uainder of the venting
cycle.

c) Close vent by signal frem low pressure sensing switch when tank pressure

reaches approximately eB psia.

lh.ior to repressurization and (about 12 minutes before) engine restart_ the LH2

tank is vented by command signal (during phase E) and a standard venting seguence

is employed, except that the ullage cycle is lengthened to 32 instead of 20 seconds

as with auto-venting.

During auto-venting operations, the tank pressures are controlled _ithin the range
of 32 to 23 psia approximately.

Operation of either relief valve will result in abrupt overboard venting without

use of automatic sequencer to provide ullage (20 seconds) cycle before valve opens.

An accessory part of the L_ venting system is the vapor-driven turbine separator
positioned in the vent line to prevent or greatly reduce loss of liquid during

venting operations where the liquid is not properly settled, due to disturbances

such as loss or degradation of ullage control or vehicular change of attitude.
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PREFACE TO FAILURE EFFECT ANALYSIS OF S-IVB SEQUENCER

Generally speaking, the S-IVB sequence component functions to receive

commands or signals and to generate, as a result of electric relay

operation, an output which causes various stage components to start

or stop. It also generates monitor-type indications to the instrument

unit (IU) and to the data acquisition subsystem, as a reflection of

circuit status within the sequencer. The additional provision for

ground support equipment operation of the unit is not included in this

analysis. To separate the failure effects, and to provide a framework

for failure probability analysis, this failure effect analysis has been

broken down into parts; arranged as follows:

Subsequent block diagrams show the sequencer unit at the stage level.

At system level t the sequencer functions are divided into three groupings

reflecting data acquisition, main propulsion, and auxiliary propulsion

functions. In the subsystem level blocks, the individual functional

output, or group of outputs, controlled by a single sequencer input are

indicated. Below each of these last blocks there is a representation

of the sequencer parts upon which the block is functionally/operationally

dependent. As an additional aid in failure probability analysis, the

time period, in seconds, during which the parts must operate as required,

is shown in the subm/stem level blocks.

Sequencer failures can be of such nature that a single failure affects

multiple "downstream" components, or it may affect only one such com-

ponent. The analysis of this latter failure (affecting a single com-

ponent) will generally be found in the failure effect analysis for that

component; however, for each single component which cannot, of itself,

fail in the premature operation mode, the analysis will be shown herein.

All sequencer failures in the premature-operation mode are caused by

one of the following:

a) Sequencer wiring becoming disconnected (open circuit) or becoming

short-clrcuited to a 28 VIE power source.

b) Active relay contacts departing from non-operated status, i.e., NC

contacts becoming open, or NO contacts becoming closed.
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APPENDIX

This appendix provides a list of items which are considered

flight critical by the Saturn S-IVB Reliability Analysis

Section. It is a summary of all Saturn S-IVB stage items

whose single failure may cause the loss of stage, or Saturn V

or Saturn IB vehicle. The list is based on the Reliability

Mathematical Model - Failure Effect Analysis, Dwg. No.
_,58354.



APPENDIX

S-IVB FLIGHT CRITICAL _ LIST

Math Model Math Model

Number Item

Airframe V-IVB-10 All primary structural components

Propulsion V-IVB-20

Fuel Fill & Drain V-IVB-21.1

-21.1-02 Shut-off Valve

-21.1-03 Piping

Oxidizer Fill & Drain V-IVB-21.2

-21.2-02 Shut-off Valve

-21.2- 03 Piping

Fuel Pressurization V-IVB-22.1

-22.1-o6

-22.1-07
-22.l-O8

-22.1-o9
-22.1-11

Control Solenoid Valve

Flight Control Pressure Switch

Step Solenoid Valve
Step Pressure S_tch

Subsystem Plumbing

Oxidizer Pressurization V-IVB-22.2

-22.2-01

-22.2-03
-22.2-_
-22.2-07
-22.2-08
-22.2-O9
-22.2-10
-22.2-11

-22.2-12

-22.2-13
-22.2-14

-22.2-15
-22.2-17A
-22.2-17B

Pressure Spheres (5)
Cold Helium Relief Valve

Dump Solenoid Valve
Cold HeliumFilter

Pressure Regulator

Helium Supply Shut-off Valve

Regulator Back-up Pressure Switch

Flight Control & Pre-Pressure
Pressure Switch

High Pressure Plumbing

Low Pressure Plumbing
Plenum Chamber

By-pass Control Valve
Pneumatic Vent Valve

Relief Valve

Dwg. Number
Reference

LA48240'_

].Ak8240/
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APPENDIX

S-IVB FLIGHT CRITICAL ITEMS LIST (continued)

Math Model Math Model

Number Item

Propulsion V-IVB-20 (Cont' d. )

Fuel Step Pressurization V-IVB-22.3 (Saturn ]_B only)

To be determined.

Fuel Re-Pressurization V-IVB-22.4 (Saturn V only)

-22.4-01

-22.4-O3
-22.4-O4

Pressure Spheres (5)

Relief Valve

Solenoid Dump Valve

Filter

Re-pressurizatlon Solenoid Valve

Oxidizer Re-Pressurization V-IVB-22._ (Saturn V only)

-22.5-01
-22.5-03
-22.5-04
-22.5-05
-22.5-o8
-22.5-09
-22.5-1o

Pressure Sphere
Relief Valve

SolenoldDump Valve
Fill Filter

Filter

Solenoid Control Valve

Subsystem Plumbing

Pneumatic Control V-IVB-2_

-23-01
-23-02
-23-03
-23-05

Pneumatic Power Control Module
Plenum Chamber

Actuator Vent Control Module

Piping

Thrust Generation (J-2 En61ne ) V-IVB-24

To be determined.

Fuel Feed & Chilldown V-IVB-2_.I

-25.1-01 Check Valve
-25.1-02 Chilldown Pump

-25.1-03 Piping

Dwg. Number
Reference

IA58345

1A49982 _
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APPENDIX

S-IVB FLIGHT CRITICAL ITEMS LIST (continued_

Math Model Math Model

Number Item

propulslon V-IVB-20 (Cont' d. )

Oxidizer Feed & Chill_own V-IVB-2_.2

-25 •2-01 Check Valve

-25.2-02 Chilldown Pump

-25.2-03 Piping

Ullage Positioning V-IVB-26.1 (Saturn V only)

-26.1-o_ 175o# T_mst m_g_e (2)
-26.1-08 150# Thrust Engine (2)

Ullage Positionin_ V-I'_B-26.2 (Saturn iB only)

-26.2-o_ Ullage Rocket Motor (3) (GFE)

Fuel Tank Vent Control V-IVB-27

-27-01
-27-02
-27-03
-27-_
-27-05
-27-06

Relief Valve

Vent Relief Valve

High Pressure Sensing Switch

Low Pressure Sensing Switch

Venting System Plumbing
Directional Control Valve

Dwg. Number
Reference

Propellant Utilization V-IVB-_0

-30-01 Subsystem Wiring
-30-02 Electronic Assembly

PropellantMass Sensin 6 V-IVB-31

-31-01 Oxidizer Mass Sensor

-31-02 Fuel Mass Sensor

Propellant Utilization Control V-IVB-_2

-32-01 P.U. Valve Actuator Assembly
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APPENDIX

S-IVB FLIGHT CRITICAL ITEMS LIST (continued)

Math Model

Number

Math Model

Item

Dwg. Number
Reference

Flight Control V-IVB-40

Path Control V-IVB-41

-41-oi
-41-o2
-41-o3
-41-o5
-41-o7
-41-o8
-41-o9

Servo Cylinder Assembly (2)

Servo Valve (2)
Cylinder By-pass Valve (2)

Filter (2)

Subsystem Plumbing

Feedback Transducer (2)

Attaching Parts

Attitude Control V-IVB-42

-42-03
-42-O4
-42-05
-42-15
-42-16
-42-17
-42-25
-42-27
-42-29
-42-30
-42-31
-42-32
-42-35

Fuel Tank (2)

Filter (2)

Subsystem Plumbing (2)

Oxidizer Tank (2)

Filter (2)

Subsystem Plumbing (2)

Helium Fill Disconnect (2)

Helium Sphere (4)

Helium Dump Valve (2)

Pressure Relief Valve (2)

Subsystem Plumbing (2)

Filter(2)
Subsystem Plumbing (2)

-42-42

-42-43
-42-44
-42-45
-42-49

Pressure Relief Solenoid Valve (4)

Vent Line Disconnect (4)

_llows (4)
Subsystem Plumbing (2)

Engine (6)

iA48630

IA49994

]-A49999\
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APPENDIX

S-IVB FLIGHT CRITICAL ITEMS LIST (continued)

Math Model Math Model

Number Item
Dwg. Number
Reference

Auxiliary Power Supply V-IVB-_O

Electric Power Supply V-IVB-51

-5i-ol
-51-o2
-51-o_

-51-o5

-51-o6
-51-o7
-51-o9

-51-i0

-51-11
-51-12
-51-13

-51-14

-51-15
-51-16

-51-17

-51-18

-51-19

-51-20

-51-21

-51-22
-51-23
-51-24

-51-25
-51-26
-51-27

-51-32

Foward Battery#l Cell Assembly

Forward Battery#l Box Assembly

Forward Battery#l External
Internal Switch

Forward Power Distribution Box

Assembly

Forward Battery#2 Cell Assembly

Forward Battery#2 Box Assembly

Forward Battery#2 External
Internal Switch

Aft Battery#l Cell Assembly

Aft Battery#l Box Assembly

Aft Battery#l Heater Assembly

Aft Battery#l External-Internal
Switch

Aft Power Distribution Box Assembly

Aft Battery#2 Cell Assembly

Aft Battery#2 Box Assembly

Aft Battery#2 Heater Assembly

Aft Battery#2 External-Internal Switch

S/S Transmitter Power Switching Relay

Flight Transmitter Group Power Switching
Relay

Orbit Transmitter Group Power Switching

Relay

Orbit SC0 Group Power Switching Relay

Flight SCO Group Power Switching Relay

Recorded Measurement Group Power Switch-

ing Relay

DDA Power Switching Relay

SS Group Power Switching Relay

Checkout Measurement Group Power Supply

Relay

Inverter-Converter Assembly
Inverter-Converter Power Distribution

Relay

Inverter-Converter Box Assembly

Propellant Utilization & P.U. Over

28VDC Power Supply Relay

Hydraulic Motor Pump Power Supply Relay
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APPENDIX

S-IVB FLIGHT CRITICAL _ LIST (continued)

Math Model Math Model Dwg. Number
Number Item Reference

Auxiliary Power Supply, V-IVB-50 (Cont'd.)

Electrical Power Supply, V-IVB-51 (Continued)

-51-33

-51-34

-51-35

-51-37

Pressure & Temperature Switches

Power Supply Relay

Oxygen Chilldowa Motor Pump Power

Supply Relay

Fuel Chilldown Motor Pump Power

Supply Relay

Subsytem Wiring

H_draulic Power Supply V-IVB-52

-52-ol
-52-02
-52-03
-52-05
-52-08
-52-O9
-52-10
-52-11
-52-12
-52-13

-52-14
-52-17
-52-18
-52-20
-52-24
-52-25

Electric Motor

Pump
Thermal Switch

Pump Filter
Check Valve

Check Valve

Pump
Check Valve

Check Valve

Bleed & Sample Valve

Accumulator Reservoir Assembly

Nitrogen Fill Valve

High Pressure Relief Valve

Main System Filter

Subsystem Plumbing

Attaching Parts

Separation V-IVB-60

S-II to S-IVB Stage Separation V-IVB-61 (Saturn V only)

-61-or
-61-o3

Mild DetonatingFuse Assembly
Tension Plate

S-IVB to Upper Stage Separation V-IVB-62

-62-01
-62-02
-62-04

Retro Rockets (2) (GFE)

Retro Rocket Igniter (GFE)

EBW Firing Unit (4)
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APPENDIX

S-IVB FLIGHT CRITICAL T_EMS LIST (eonti-.ed)

Math Model Math Model

Number Item

Separation V-IVB-60 (Cont'd.)

S-I to S-IVB Sta6e Separation V-IVB-6_ (Saturn IB only)

-63-01 Mild DetonatingFuse Assembly
-63-03 Tension Plate

Ullage Rocket Jettison V-IVB-64 (Saturn IB only)

-64-05 Ullage Rocket Jettison Devices (3)

Electrical V-IVB-70

S-IVB Command Code Conversion V-IVB-T1

-71-01 Wiring & Connectors

-71-02 Switch Selector (GFE)

S-IVB Sequencing V-IVB-72

-72-01 Wiring & Connectors

-72-02 Sequencer

Data Acquisition V-IVB-80

-80-18 Subsystem Wiring

Environmental Control V-IVB-_0

Forward Skirt Environmental Control V-IVB-gl

-91-01 Manifold

-91-02 Couplings
-91-03 Flexible Hose
-91-04 Cold Plates

-91-05 Valve

Aft Skirt Environmental Control V-IVB-92

-92-01 Inlet Duct Cover

-92-05 Hellum Sphere Temperature Control
-92-06 Flapper Valve

Dwg. Number
Reference
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APPENDIX

S-IVB FLIGHT CRITICAL ITEMS LIST (continued)

Math Model

Number

Math Model

Item

Ran6e safety V-IVB-100

Command Destruct V-IVB-IOI

None

Safe & Arm V-IVB-I02

-102-03

-102-O&,

-lo2-o5
-lO2-O6

Command Destruct Receivers (2)

Command Destruct Controllers (2)

Subsystem Wiring (2)

EBWFiring Units (2)

Dwg. Number
Reference
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